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DESCRIPTION 



Attorney Docket No. 36856.1333 



SURFACE MOUNTABLE DEVICE 



TECHNICAL BACKGROUND OF THE INVENTION 



1. Field of the Invention 



[0001] 



-The present invention relates to a surface mountable device that is 




surface ffleuftt mounted on a motherboard such as a printed circuit board by, 



for example, soldering, and more specifically, to a surface mountable device in which the 
appearance of the bonding state -condition with the motherboard can be visually inspected. 

Background Art 

2. Description of the Related Art 

[0002] Figs. 16 to 19 show examples of the structure of known surface mount 
devices. Fig. 16 is a perspective view showing thea state wherein in which a surface 
mount device 30 including side electrodes 33 disposed at the side surface of the substrate 
is mounted on a motherboard 32 (a mount board for a device) by soldering. Fig. 1 7 is a 
cross-sectional view taken along imaginary cutting line B-B in Fig. 16. Land electrodes 
34 of the motherboard 32 for mounting the surface mount device 30 are generally 
fefffle darranged so as to be exposed from the side surface of the surface mount device 30 
toward the outside by a width a. Thus, the land electrodes 34 are intentionally exposed 
from the side surface toward the outside in order to form solder 35 having a certain 
thickness at the side surface of the surface mount device 30. This structure increases the 
peel strength of the surface mount device 30. 

[00031 Fig. 1 8 is a perspective view showing thea state wh e r e in in which a 
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surface mount device 31 including terminal electrodes 37 disposed at the bottom surface 
of the substrate is mounted on a motherboard 32 by soldering. For example, as disclosed 
in Japanese Unexamined Patent Application Publication No. 8-250620 (hereinafter 
referred to as " Patent Document 1^), a surface mount device including external 
connection electrodes in a ball grid array (BGA) structure corresponds to such a surface 
mount device. Fig. 19 is a cross-sectional view taken along imaginary cutting line C-C in 
Fig. 18. Land electrodes 34 of the motherboard 32 for mounting the surface mount 
device 31 are generally disposed at the inside so as not to be exposed from the side 
surface of the surface mount device 31 to the outside. In this structure, solder 35 is not 
exposed from the side surface of the surface mount device 31 toward the outside, thereby 
improving the packaging density of the motherboard 32. In r e c e nt years Recently, 
downsizing has been stronglv highly desired, and the surface mount devices shown in Fig. 
1 8 in which terminal electrodes are disposed at the bottom surface of the substrate have 
attract e d att e ntion has become desirable . 

[00041 For both of these types of surface mount devices^ such as electronic 

components, after the surface mount devices are mounted on a motherboard, the 
appearance is inspected to confirm the solderability. Regarding the surface mount device 
30 shown in Fig. 16, the appearance can be checked by visual inspection 36 because the 
solder 35 is provided outside of the surface mount device 30. On the other hand, 
regarding with the surface mount device 31 shown in Fig. 18, the appearance cannot be 
substantiallv t horoughly checked by visual inspection because the solder 35 is provided in 
a narrow clearance between the surface mount device 31 and the motherboard 32. 
Consequently, Japanese Unexamined Patent Application Publication No. 10-170455 
(hereinafter referred to as " Patent Document 2 sugg e sts ") discloses a method for 
inspecting the appearance by X-ray transmission. 
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Pat e nt Docum e nt 1: Japanes e Unexamin e d Pat e nt Application Publication No. 8 250620 
Pat e nt Document 2: Japan e s e Unexamin e d Pat e nt Application Publication No. 10 170155 

Disclosur e of Inv e ntion 

Probl e ms to b e Solv e d by th e Inv e ntion 

r0005l However, even if the method for inspecting the appearance 

described in Patent Document 2 can be applied to the surface mount device 3 1 shown in 
Fig. 18, the method cannot be easily applied to the actual manufacturing process in terms 
of the cost because a transmission apparatus required for the appearance inspection by X- 
ray transmission is expensive. 

In order to SUMMARY OF THE INVENTION 

[00061 T° s °l ve the problems described above problem, it is an object of th e , 
preferred embodiments of the present invention te-provide a surface mount device in 
which the appearance of the bonding state a such as the solderability of the surface mount 
device a can be readily checked by visual inspection even when , for e xampl e , a solder 
fillet having a certain thickness is not formed on the external surface of the surface mount 
device and even when a special transmission apparatus is not used. 

M e ans for Solving the Problems 
r0007] A surface mount device d e scribed in claim 1 according to a preferred 

embodiment of the present invention includes a substrate including a first principal 

surface, a second principal surface, and a side surface connecting the first principal 

surface to the second principal surface; a terminal electrode disposed on the first principal 

surface; and a first conductor for appearance inspection extending continuously from the 

terminal electrode to the side surface and having a width smaHe rthat is less than the width 

of the terminal electrode. 

r00081 According to a The surface mount device d e scrib e d in claim 2 of th e 
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pr e s e nt inv e ntion, in the inv e ntion d e scrib e d in claim 1, th e surfac e mount d e vic e 
preferably further includes a second conductor for appearance inspection disposed on the 
side surface of the substrate, the second conductor for appearance inspection being 

continuous from the extended end of the first conductor for appearance inspection. 

According to a surfac e mount d e vic e d e scrib e d in claim 3 of th e pr e s e nt inv e ntion, 

in th e invention d e scrib e d in claim 1 or claim 2, the The width of the first conductor for 
appearance inspection is preferably about 100 jxm or less. 

[00091 According to a surface mount device d e scrib e d in claim 1 of the 

present invention, in the invention d e scribed in any one of claims l to 3, th e The first 
conductor for appearance inspection preferably extends from the terminal electrode to the 
inside of the substrate. 

According to a surfac e mount devic e d e scrib e d in claim 5 of th e pr e s e nt inv e ntion, 

in th e inv e ntion d e scrib e d in any on e of claims 1 to 4. Preferably, at least two first 
conductors for appearance inspection are disposed continuously at the single terminal 
electrode. 

[0010] According to a surface mount d e vice d e scribed in claim 6 of the 

pr e s e nt inv e ntion, in th e inv e ntion d e scrib e d in claim 5, th e The at least two first 
conductors for appearance inspection are preferably disposed continuously at both ends 
of the terminal electrode. 

rOOllI As described above, the surface mount device according to preferred 

embodiments of the present invention includes a substrate having a first principal surface, 
a second principal surface, and a side surface connecting the first principal surface to the 
second principal feee ^surface, a terminal electrode disposed on the first principal 
feeei surface, and a first conductor for appearance inspection extending continuously from 
the terminal electrode to the side surface and having a width smaller than the width of the 
terminal electrode. 

r00121 In other words, according to this surface mount d e vice, the terminal 
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electrode disposed on the first principal surface (i.e., mounting surface) is connected to a 
land electrode disposed on the surface of a motherboard^ such as a printed circuit boards 
with a bonding material such as solder. The first conductor for appearance inspection 
extends continuously from the terminal electrode. Therefore, when the surface mount 
device is connected with the motherboard, the bonding material is applied from the space 
between the terminal electrode on the mounting surface and the land electrode in the 
upward direction along the first conductor for appearance inspection disposed on the side 
surface. As a result, the presence of the bonding material that is applied upward on the 
first conductor for appearance inspection can be checked by visual inspection. Thus, the 
appearance of the bonding state of the surface mount device can be readily inspected. 

[00131 The width of the first conductor for appearance inspection is 

small e r less than, in particular, less than about one third or l e ss of, the width of the 
terminal electrode disposed on the mounting surface. Accordingly, the amount of 
bonding material^ such as the solder a applied upward on the first conductor for 
appearance inspection ean-be-ls_minimized. In addition, the dimension of the bonding 
material applied upward from the terminal electrode can be increased. For example, the 
width of the first conductor for appearance inspection is preferably about 100 urn or less, 
and more preferably, about 80 Jim or less. When the width of the first conductor for 
appearance inspection is about 100 ^m or less, the amount of bonding materia^ such as 
the solder^ applied upward can be increased by capillaritv capillarv effect . 

KM) 14] Preferably, the second conductor for appearance inspection is 

disposed along the side surface of the substrate and is continuous extends continuously 
from the extended end of the first conductor for appearance inspection. Furthermore, the 
second conductor for appearance inspection preferably extends in the width direction of 
the first conductor for appearance inspection. The second conductor for appearance 
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inspection is disposed in the-adirection farther extending from the width of the first 
conductor for appearance inspection. Therefore, the bonding material applied upward on 
the first conductor for appearance inspection further extends in the width direction 
according to along the second conductor for appearance inspection. As a result, the 
bonding material applied upward can be visually inspected more reliably. 

[0015] The first conductor for appearance inspection is preferably disposed 

such that at least one end of the terminal electrode disposed on the bottom surface of the 
substrate extends continuously to the inside of the substrate and the extended end is 
disposed at the inside of the substrate. A continuous end fac e form e d surface defined by 
the terminal electrode and the first conductor for appearance inspection is exposed as a 
part portion of the side surface of the substrate. The first conductor for appearance 
inspection may be form e d defined by extending both ends of the terminal electrode from 
the bottom surface of the substrate to the inside of the substrate. In such a case, two first 
conductors for appearance inspection are provided at both ends of the terminal electrode. 

[00161 Although the substrate is not particularly limited, for exampl e , a 

multilayer substrate including a plurality of laminated insulating layers is preferable. The 
insulating layers are composed of, for example, ceramic layers or resin layers^ such as 
epoxy resin layers. The ceramic layers used for the insulating layers are preferably 
prepared by firing a low temperature co-fired ceramic (LTCC) material. The LTCC 
material can be fired at about L000°C or less and can be concurrently fired with, for 
example, silver or copper having a small specific resistance. Examples of the LTCC 
material include glass composite LTCC materials prepared by mixing a ceramic powder 
composed of, for example, alumina or forsterite with borosilicate glass; crystallized glass 
LTCC materials using crystallized glass composed of ZnO-MgO-Al 2 0 3 -Si0 2 ; and non- 
glass LTCC materials using a ceramic powder composed of, for example, BaO-Al 2 0 3 - 
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Si0 2 or Al 2 Q3-CaO-Si0 2 -MgO-B 2 0 3 . and other suitable LTCC materials . 

[00171 Regarding the terminal electrode, when the insulating layers are 

resin layers, for example, a metal foiL such as a copper foil A is preferably used. When the 

insulating layers are ceramic layers composed of an LTCC material, for example, a 

conductive paste ehieflv primarilv composed of silver or copper is preferably used. 
Advantag e s 

r00181 Th e inv e ntion d e scrib e d in claims 1 to 6 Preferred embodiments of 

the present invention-eat* provide a surface mount device in which the appearance of the 
bonding state a such as the solderability of the surface mount device A can be readily 
checked by visual inspection even when, for example, a solder fillet having a certain 
thickness is not formed disposed on the external surface of the surface mount device^ and 
even when a special transmission apparatus is not used. 

Best Mode for Carrying Out the Inv e ntion 

Pr e f e rable e mbodim e nts of th e surfac e mount d e vice Other features, elements, 

steps, characteristics and advantages of the present invention will now be describ e d 
become more apparent from the following detailed description of preferred embodiments 
with reference to Figs. 1 to 15. 

First Embodim e nt 

Fig. 1 is a persp e ctiv e vi e w of a surfac e mount d e vic e of th e pr e s e nt e mbodim e nt. 

A surface mount device 1 of this e mbodim e nt is composed of, for e xample, a r e ctangular 
ceramic multilay e r substrate having a first principal face, a second principal fac e , and 
four sid e fac e s connecting th e first principal fac e to the second principal face. Th e 
multilayer substrate includes three laminat e d c e ramic lay e r s 1 1 each of which ha s a 
thickne ss of 100 )im. 

A t e rminal el e ctrode 13 is disposed at th e first principal face (bottom fac e ) of th e 

ceramic multilay e r substrat e . A first conductor 12 for appearance inspection that 
substantially e xt e nds perp e ndicular to th e bottom fac e is disposed on at least on e of th e 
four sid e fac e s of th e c e ramic multilay e r substrat e . Th e first conductor 12 for app e aranc e 
insp e ction e xt e nds from th e t e rminal e l e ctrod e 13 along the side fac e and is form e d 
continuously with th e terminal e lectrod e 13 in th e vicinity of th e e dg e b e tw ee n th e 
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bottom faco and th e sid e fac e of th e und e rmost ceramio lay e r. 

Tho first conductor 12 for app e aranc e insp e ction has a width 14 of as narrow as 8 0 

(im. Th e first conductor 12 for app e aranc e inspection has a height of 100 )xm, which i s 
th e sam e as tho thickn e ss of on e c e ramic layer. Th e t e rminal e l e ctrode has a width (width 
in th e same dir e ction as th e dir e ction of th e width of th e first conductor 12 for app e aranc e 
insp e ction) of 210 urn. A plat e d gold film is form e d by e l e otroless plating on th e surfac e s 
of th e first conductor 12 for app e aranc e insp e ction and th e t e rminal e l e ctrod e 13 to 
improv e th e w e ttability of the solder. In ord e r to achi e ve a high density arrangem e nt and 
to provid e s ufficient conn e ction r e liability on a motherboard, th e width of th e t e rminal 
e l e ctrode 13 is preferably 100 \im to 1.5 mm, mor e pref e rably, 200 to 700 \im. 

Fig. 2 is a per s p e ctiv e vi e w showing th e state imm e diat e ly b e for e th e surfac e 

mount device 1 shown in Fig. 1 is mounted on a moth e rboard 15. A plat e d gold film is 
dispos e d on the surfac e of a land e l e ctrod e 16 of the moth e rboard 15. Furth e rmore, a 
sold e r film 17 is printed on the gold film. Th e surfac e mount devic e 1 i s positioned on 
such a motherboard 15. Subs e qu e ntly, all the compon e nts are h e at e d to m e lt th e sold e r 
film 17 on th e land e l e ctrod e 16. Th e t e rminal e lectrode 13 of the surface mount device 1 
is conn e ct e d to th e land e lectrode 16 of th e moth e rboard 15 to mount the surfac e mount 
d e vic e 1 on th e moth e rboard 15. In this st e p, the surfac e mount devic e 1 is mount e d such 
that th e sid e fac e of th e surfac e mount d e vic e 1 is match e d with th e e dg e of th e land 
e l e ctrod e 16 and th e land e l e ctrod e 16 is not e xpos e d from th e sid e fac e of th e surfac e 
mount devic e 1. 

Fig. 3 is a cros s sectional view of the surface mount devic e 1 and th e motherboard 

15 after the mounting taken along imaginary cutting lin e A A in Fig. 2. As shown in Fig. 
3, the sold e r film 17 crosse s the edge b e tw ee n the bottom face and the side face of the 
c e ramic multilayer substrat e and is thinly appli e d upward in the vicinity of th e upper end 
of the first conductor 12 for app e arance inspection. Unlik e a gen e ral sid e electrode, th e 
first conductor 12 for app e arance inspection ha s a narrow and small size, that is, has a 
width 14 of 100 [im and a h e ight of 100 |xm. Th e r e for e , e v e n wh e n th e minimum amount 
of th e sold e r film 17 for connecting th e t e rminal e l e ctrod e 13 is print e d, the s older film 
17 can b e appli e d upward in the vicinity of th e upp e r e nd of th e conductor 12 for 
app e aranc e insp e ction. 

Fig. 1 is an e nlarged view of th e surfac e mount d e vic e 1 aft e r th e mounting, 

visually vi e w e d from th e sid e fac e on which th e first conductor 12 for app e arance 
insp e ction is formed. As shown in Fig. 4, th e sold e r film 17 is appli e d from the terminal 
electrode 13 side and is applied upward along the first conductor 12 for app e arance 
inspection that is disposed perp e ndicular to the bottom face of the ceramic multilay e r 
substrate and has the plat e d gold film dispos e d thereon. Th e first conductor 12 for 
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appearance insp e ction app e ars gold du e to th e plat e d gold film, wh e r e as th e s old e r fi l m 
17 app e ars silv e r. Accordingly, th e application of th e sold e r film 17 in th e upward 
dir e ction is r e adily distinguish e d as a r e sult of th e diff e r e nc e in th e color of both 
compon e nts. Thus, th e pr e s e nce of the sold e r can b e r e adily ch e ck e d by visual insp e ction. 
Furth e rmor e , sinc e th e first conductor 12 for app e aranc e insp e ction substantially has an 
upright r e ctangular shape, th e application in th e upward dir e ction can be r e adily 
d e t e rmin e d in t e rms of th e h e ight of th e sold e r. Thus, in th e app e aranc e insp e ction, th e 
d e gree of solderability can b e e stimated by ch e cking th e wetting of th e solder in th e 
upward direction. 

In the present embodim e nt, the first conductor 12 for appearance insp e ction 

having a h e ight of 100 \im has be e n d e scrib e d. Th e h e ight is not limited to th e abov e so 
long a s the app e aranc e of sold e ring can be ch e cked by visual in s pection. For e xampl e , 
th e height of th e first conductor 12 for app e aranc e inspection is pr e ferably 5 to 200 \xm, 
mor e pref e rably, 20 to 100 )im. 

Fig. 5 includ e s p e rspectiv e vi e w f s showing an e xampl e of a process for producing 

th e surfac e mount d e vic e of th e pr e s e nt e mbodim e nt. The proc e ss will now b e d e scrib e d 
with r e f e r e nce to Fig. 5. 

Firstly, as shown in Fig. 5(a), a c e ramic gr e en sh ee t 4 1 is pr e par e d. A larg e 

c e ramic gr ee n sh ee t is g e n e rally us e d in mass production in ord e r to produc e many 
d e vic e s at a tim e . In this e mbodim e nt, how e ver, in ord e r to simplify the d e scription of 
the proc e ss, a ceramic gre e n sh ee t having a size that can provide two sub sub s trates i s 
prepared. 

As shown in Fig. 5(b), a c e ramic gre e n sh ee t 45, which is disposed at the bottom 

of a master substrate, is pr e pared. Thi s c e ramic green sh e et 4 5 has th e sam e dimen s ions 
as those of the c e ramic gre e n sheet 4 1 shown in Fig. 5(a). A through hole having a 
diameter of as small as 100 |xm or less is formed in the ceramic green she e t 45 such that 
the c e nter of th e through hole i s dispos e d on a sub substrat e parting line 44. A paste 
chi e fly compos e d of silv e r or copp e r is fill e d in th e through hol e to form a fill e d via 4 2. 
Furth e rmore, a conductor film 43, which forms a t e rminal e l e ctrod e , is print e d so as to 
cov e r th e fill e d e nd of th e fill e d via 42, th e filled e nd b e ing e xpos e d at the low e r surfac e 
of th e c e ramic gr ee n sh ee t 45. In addition, the conductor film 43 e qually e xt e nds to both 
sid e s ov e r th e sub substrat e parting lin e 44 . According to n ee d, a conductor film forming 
an int e rnal circuit lay e r or a via conductor is form e d on th e oth e r c e ramic gr ee n sh ee ts 4 1 
to be laminated. 

Subsequently, as shown in Fig. 5(c), th e c e ramic green sheet 45 is dispos e d at the 

bottom such that the conductor film 43 is disposed at the lower surface. Oth e r ceramic 
gr e en sh ee ts 4 1 ar e laminated on the c e ramic gre e n s h ee t 45 in a pr e det e rmin e d ord e r. 
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All th e c e ramic gr ee n sh ee ts or e bond e d by pr e ssing to form a mast e r laminat e d product 5. 
Th e master laminat e d product 5 includ e s the conductor film 4 3 dispos e d at th e bottom 
th e reof. 

Th e mast e r laminat e d product 5 is fir e d at a pr e d e t e rmin e d firing t e mp e ratur e . 

Th e r e sultant fir e d c e ramic product is th e n divid e d into two parts along th e sub substrat e 
parting lin e 44 shown in Fig. 5(c) to form two sub s ubstrat es shown in Fig. 5(d). This 
division also divid e s th e small fill e d via 42 in half to e xpos e th e conducting fac e on th e 
side face of e ach sub substrate. This e xpos e d conducting fac e forms th e first conductor 
12 for app e aranc e inspection in th e surfac e mount d e vice 1 . 

Subs e quently, e l e ctronic compon e nts such as a semiconductor d e vic e and a 

monolithic capacitor chip ar e mount e d on th e sub substrat e (ceramic multilayer sub s trat e ). 
Furth e rmore, for e xampl e , the se e l e ctronic compon e nts ar e cov e r e d with a metal cas e so 
as to form the surface mount d e vice 1. Wh e n th e surfac e mount device 1 is mounted on 
the motherboard, th e sold e r film 17 is appli e d upward on the first conductor 12 for 
app e aranc e insp e ction form e d on th e sid e fac e . Th e mounting of th e surfac e mount 
d e vic e 1 on th e moth e rboard can b e ch e cked by visual insp e ction of the sold e r film 17 
appli e d upward. Unlik e th e known t e chnologi e s, according to th e pr e s e nt inv e ntion, e v e n 
when, for e xampl e , a sold e r fill e t having a c e rtain thickn e ss is not form e d on th e e xternal 
surfac e of th e surfac e mount d e vic e 1 and e v e n wh e n a sp e cial transmission apparatus is 
not us e d, th e bonding stat e of th e surfac e mount d e vic e 1 by sold e ring can b e r e adily 
checked by visual inspection of the solder film 17 applied upward on th e first conductor 
12 for app e aranc e inspection. In addition, according to the pr e sent invention, a large 
solder fillet need not be formed, ther e by increasing th e packaging density of the surface 
mount device 1 . 

Second Embodim e nt 

Fig. 6 is a persp e ctiv e view of a surfac e mount d e vic e of th e pres e nt e mbodiment. 

In th e d e scription of this e mbodim e nt, components that ar e th e sam e as or corr e sponding 
to thos e in the first e mbodim e nt hav e the s am e r e f e r e nce num e rals. In addition to a first 
conductor 1 2 for app e aranc e insp e ction, a surfac e mount d e vic e 2 of th e pr e s e nt 
e mbodim e nt includ e s a s e cond conductor 18 for app e aranc e insp e ction. Other parts ar e 
form e d according to the first e mbodim e nt. 

In this e mbodim e nt, th e s e cond conductor 1 8 for app e aranc e insp e ction e xt e nds 

from the upper extend e d e nd of the first conductor 12 for app e arance inspection. The 
second conductor 18 for appearance inspection is a conductor film having an elongated 
shape and i s disposed in th e dir e ction sub s tantially parallel to the bottom fac e of the 
ceramic multilayer substrat e . Th e s e cond conductor 18 for appearanc e insp e ction is 
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dispos e d continuously at th e upper ond of the first conductor 12 for appearanc e 
insp e ction. Th e combination of th e first and th e s e cond conductors 12 and 18 for 
app e aranc e insp e ction substantially forms a T shap e . The dim e nsion of th e second 
conductor 1 8 for app e aranc e insp e ction in th e horizontal dir e ction is pr e f e rably, for 
exampl e , 100 to 300 |xm, which is larger than th e width of th e first conductor 12 for 
app e aranc e insp e ction. Th e thickn e ss (dimension in th e h e ight dir e ction) of th e s e cond 
conductor 1 8 for app e aranc e insp e ction is pr e f e rably 3 to 50 |im. Th e width and th e 
h e ight of th e first conductor 12 for app e aranc e insp e ction ar e th e sam e as thos e in the first 
e mbodim e nt. 

Fig. 7 is an enlarg e d view of the surfac e mount device 2 aft e r th e surfac e mount 

devic e 2 is mount e d on a motherboard 15, visually viewed from th e side fac e on which 
th e first and th e s e cond conductors 12 and 18 for app e arance insp e ction are form e d. In 
this embodiment, as s hown in Fig. 7, th e first and th e second conductor s 12 and 18 for 
app e arance inspection sub s tantially form th e T shap e as a whol e . Accordingly, wh e n a 
sold e r film 17 is appli e d upward on th e first conductor 12 for app e aranc e insp e ction, as 
shown in th e figur e , th e sold e r film 17 is furth e r appli e d on th e e ntire l e ngth in th e 
horizontal dir e ction of th e s e cond conductor 1 8 for app e aranc e insp e ction. In this 
e mbodim e nt, sinc e th e sold e r film 17 e xpands to th e T shap e , th e d e gr ee of w e tting of th e 
solder in th e upward dir e ction can b e visually distinguished more sp e cifically, compar e d 
with th e first e mbodim e nt having th e upright r e ctangular shap e . 

Fig. 8 include s perspective vi e ws showing an example of a proce s s for producing 

the surfac e mount device of the pr e s e nt embodiment. The process will now b e described 
with r e ference to Fig. 8. 

Firstly, as shown in Fig. 8(a), a c e ramic gr ee n sheet 4 1 is prepared. In order to 

simplify the de s cription of the process, a c e ramic gre e n sh e et 4 1 having a siz e that can 
provid e two sub substrates is prepared as in th e first e mbodim e nt. 

As shown in Fig. 8(b), a ceramic gre e n sheet 4 5, which i s disposed at th e bottom 

of a mast e r substrat e , is pr e par e d and a fill e d via 4 2 is form e d in th e c e ramic gr ee n sh ee t 
45 as in th e first e mbodim e nt. Furthermor e , a conductor film 43, which forms a t e rminal 
e l e ctrod e , is print e d so as to cov e r the fill e d e nd of th e fill e d via 42, the fill e d e nd b e ing 
e xpos e d at th e lower surfac e of th e c e ramic gr ee n sh ee t 4 5. In addition, th e conductor 
film 43 e qually e xt e nds to both sides ov e r a sub substrat e parting lin e 44. According to 
n ee d, a conductor film forming an int e rnal circuit layer or a via conductor is form e d on 
another ceramic gr ee n s h e et 4 1 to be laminat e d. 

As shown in Fig. 8(c), a conductor film 18, which forms the s e cond conductor for 

appearance inspection, is th e n printed on a ceramic gre e n sh e et 46. The conductor film 
48 e qually e xtends to both sid e s ov e r the sub substrate parting line 4 4. Th e dim e nsion of 
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tho oonductor film 4 8 in the dir e ction of th e sub - substrat e parting lin e is 200 fim, which is 
larger than th e diamet e r of the fill e d via 42. The thickn e ss of th e conductor film 4 8 is 10 

Subs e qu e ntly, th e c e ramic gr ee n sh ee t 45 is dispos e d at th e bottom as in th e first 

e mbodim e nt. Th e c e ramic gr ee n sh ee t 16 is laminat e d on the c e ramic groen she e t 45 
such that th e conductor film 4 8 is dispos e d at the low e r surfac e . Another ceramic gr ee n 
sh ee t 4 1 is laminat e d in a pr e d e t e rmin e d ord e r. All th e ceramic gr ee n sh e ets are bond e d 
by pr e ssing to form a master laminated product 6. As shown in Fig. 8(d), in th e mast e r 
laminat e d product 6, th e conductor film 43 is disposed at th e bottom, the conductor film 
48 is disposed on the upp e r surfac e of th e und e rmost c e ramic gr e en sheet 45, and the 
conductor film 43 and th e conductor film 48 ar e conn e cted through th e fill e d via 4 2. 

Th e ma s t e r laminat e d product 6 is fir e d at a pr e d e termin e d firing temperatur e . 

Th e r e sultant fir e d c e ramic product is th e n divided into two parts along th e sub substrate 
parting lin e 4 4 shown in Fig. 8(d) to form two s ub - substrates shown in Fig. 8( e ). This 
division also divid e s th o small fill e d via 4 2 in half to e xpos e th e conducting fac e on th e 
sid e face of each sub substrat e . This e xpos e d conducting fac e forms th e first and s e cond 
conductors 12 and 18 for app e aranc e insp e ction. 

Subs e qu e ntly, el e ctronic compon e nts such as a s e miconductor devic e and a 

monolithic capacitor chip are mount e d on th e sub substrat e (c e ramic multilay e r substrat e ). 
Furth e rmor e , for e xampl e , th e s e e l e ctronic compon e nts ar e cov e r e d with a m e tal cas e so 
as to form th e surface mount device 2. When the surface mount device 2 is mount e d on 
the motherboard, the solder film 17 is applied upward to th e s e cond conductor 18 for 
app e arance insp e ction through th e first conductor 12 for appearance inspection formed on 
the side face. Th e mounting of the surfac e mount devi c e 1 on th e moth e rboard can be 
checked mor e sp e cifically by th e sold e r film 17 applied ov e r the second conductor 18 for 
appearanc e in s pection, compared with th e first embodim e nt. 

Third Embodim e nt 

Fig. 9 is a p e rsp e ctiv e view of a surfac e mount d e vic e of th e pres e nt embodim e nt. 

In th e d e scription of this embodim e nt, compon e nts that ar e th e sam e as or corr e sponding 
to thos e in th e abov e e mbodim e nts hav e th e sam e refer e nc e num e rals. 

As shown in Fig. 9, in a surfac e mount d e vic e 3 of this e mbodiment, both e nds of 

a t e rminal e l e ctrode 13 disposed at th e bottom fac e of a c e ramic multilay e r substrat e 
extend upward to th e inside of th e ceramic multilayer substrate. The b e nt end faces ar e 
expos e d on the side face of th e ceramic multilayer substrate as first conductors for 
appearanc e inspection. Other parts are formed according to the embodim e nts d e scribed 
abov e . A plated gold film is form e d on th e first conductors 12 for app e aranc e inspection 
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as in th e first e mbodiment. Subs e qu e ntly, th e surfac e mount d e vic e 3 is mounted on a 
moth e rboard as in Fig. 2 in the first embodiment, 

Fig. 10 i s an enlarged vi e w of the surfac e mount d e vic e 3 aft e r th e surfac e mount 

d e vic e 3 is mounted on a moth e rboard 15, visually vi e w e d from th e sid e fac e on which 
th e first conductors 12 for app e arance inspection are form e d. In this e mbodiment, both 
e nds of the t e rminal e l e ctrode 13 dispo se d at the bottom fac e of th e c e ramic multilayer 
substrat e e xt e nd to th e inside of the c e ramic multilayer substrate so as to form slant e d 
portions. The slant e d portions ar e expos e d on th e sid e face of th e c e ramic multilay e r 
substrate and serve as th e first conductors 12 for appearanc e insp e ction. Thus, th e first 
conductors 12 for appearance insp e ction ar e provided continuously at both e nds of th e 
t e rminal el e ctrod e 13. As a r e sult, the bonding stat e betw ee n th e surface mount device 3 
and th e motherboard can b e ch e ck e d mor e r e liably. Th e structur e of th e s urfac e mount 
d e vic e is not limit e d to this e mbodim e nt. At least thr ee first conductors 12 for 
appearance insp e ction may be provid e d continuously at on e t e rminal e l e ctrod e 13. 

Fig. 1 1 includ e s persp e ctiv e vi e ws showing an example of a proc e ss for producing 

th e surfac e mount d e vic e of th e pr e s e nt embodim e nt. Th e proc e ss will now be d e scrib e d 
with r e f e r e nc e to Fig. 1 1 . 

Firstly, as shown in Fig. 1 1(a), a c e ramic gr ee n sh ee t 4 1 is prepar e d. In ord e r to 

simplify th e d e scription of th e proc e ss, a c e ramic gr ee n sh ee t 4 1 having a size that can 
provid e two sub substrates is pr e par e d as in th e first e mbodim e nt. 

As shown in Fig. 11(b), a ceramic green sheet 45, which is dispos e d at th e bottom 

of a master substrate, is prepared. A conductor film 43 that forms a terminal electrode is 
printed on the ceramic gre e n sh ee t 45 such that the conductor film 43 equally extends to 
both s ides ov e r a sub - sub s trat e parting line 4 4. According to n e ed, a conductor film 
forming an int e rnal circuit lay e r or a via conductor is formed on th e oth e r c e ramic gr e en 
sh e ets 41 to be laminated. 

Subsequently, as shown in Fig. 1 1(c), a c e ramic gr ee n sheet 47 us e d for 

e mb e dding both e nds of th e conductor film 43 is prepared. Th e c e ramic gr ee n sh e et 47 
includ e s an op e ning 4 9 having a width small e r than that of th e conductor film 43. 

Subs e qu e ntly, as shown in Fig. 1 1(d), th e ceramic gr ee n sh e et 47 is disposed at th e 

bottom. Th e c e ramic gre e n sh ee t 45 is laminat e d on the ceramic gr ee n sh ee t 47. Oth e r 
ceramic gr ee n she e ts 4 1 ar e laminat e d on th e c e ramic gr ee n sh ee t 45 in a pr e d e termined 
ord e r. Th e c e ramic gr e en sh ee t 45 i s dispos e d such that the surfac e on which the 
conductor film 43 is printed faces th e c e ramic gr e en sh e et 47. In this st e p, both e nds of 
th e conductor film 43 overlap th e c e ramic gr ee n sheet 47. 

Fig. 12 is a cross sectional vi e w in which a master laminated product 7 shown in 

Fig. 1 1(d) is divid e d along the sub s ub s trat e parting line 44. Fig. 12 shows that the 
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c e ramio green sh ee t 17 ov e rlaps both onds of th e conductor film 13 and th e c e ntral 
portion of the conductor film 13 is e xpos e d through th e op e ning 19 of th e c e ramic gr e en 
sh ee t 17. 

As shown in Fig. I l( e ), all th e laminat e d c e ramic gr ee n sh ee ts ar e bond e d by 

pr e ssing. Fig. 13 is a cross s e ctional vi e w in which th e mast e r laminat e d product 7 aft e r 
th e pr e ssur e bonding shown in Fig. 1 1( e ) is out along th e sub substrat e parting lin e 1 1 . 
Fig. 13 shows that both e nds of th e conductor film 4 3 ar e e mb e dd e d toward th e insid e of 
the mast e r laminat e d product 7 by th e c e ramic gr ee n she e t 17. In this st e p, the conductor 
film 13 has not b e en fired y e t and is r e sili e nt. Th e r e for e , th e shap e of th e conductor film 
13 is changed without br e aking so as to tilt toward the insid e of the master laminat e d 
product 7, and in addition, the r e maining part of th e co nductor film 43 is align e d at the 
l o w er s urface of th e c e ramic gre e n sh ee t 17. 

Th e master laminat e d product 7 is fir e d and is then divided into two sub - substrates 

along the sub substrat e parting lin e 11 a s in the fir s t embodim e nt. Thus, the sub - substrate 
shown in Fig. 9 is form e d. Wh e n th e sub substrat e s ar e divid e d, th e e nd fac e of th e 
conductor film 4 3 is also e xpos e d on th e sid e face of e ach sub substrat e . Both of th e 
slant e d e nd portions in th e e xpos e d fac e form th e first conductors 12 for app e aranc e 
insp e ction. 

Subs e qu e ntly, e l e ctronic compon e nts such as a s e miconductor d e vic e and a 

monolithic capacitor chip ar e mount e d on th e sub substrate (c e ramic multilay e r substrat e ). 
Furthermor e , for example, these e lectronic components are cov e red with a m e tal cas e so 
as to form the surface mount device 3. 

In this embodiment, although the first conductors 12 for appearance inspection are 

not completely perpendicular to the bottom face of th e c e ramic multilayer substrate, th e s e 
fir s t conductor s 12 for appearance in s pection generally provide an example of a 
co nduct o r having an upright r e ctangular s hap e . In other words, th e d e gree of w e tting of 
the solder in the upward direction can be easily di s tinguished by visual inspection as in 
th e first e mbodim e nt. Furth e rmor e , th e t e rminal e l e ctrod e 13 is e l e ctrically conn e ct e d to 
th e two first conductors 12 for app e aranc e insp e ction, which ar e dispos e d continuously at 
both e nds of th e terminal e l e ctrode 13, e v e n in th e insid e of th e c e ramic multilay e r 
substrat e . In oth e r words, th e first conductors 12 for app e aranc e insp e ction e xt e nd 
toward th e insid e of the c e ramic multilay e r substrat e in th e dir e ction parall e l to th e 
bottom fac e (first principal face) of th e c e ramic multilayer substrat e . As a r e sult, th e 
terminal electrode 13 can be strongly conn e ct e d to th e first conductors 12 for app e arance 
insp e ction. This structure can improve the connection reliability betw ee n th e ceramic 
multilayer substrate and th e t e rminal electrode 13 or the ceramic multilayer substrat e and 
th e first conductors 12 for appearanc e inspection. 
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Fourth Embodim e nt 

Fig. H shows q modification of the third e mbodiment and is a p e rsp e ctiv e vi e w of 

a surface mount d e vice of th e present embodim e nt. In th e surfac e mount d e vic e 4 of this 
embodim e nt, both e nds (l e ading ends) of first conductors 12 for app e aranc e insp e ction, 
which are slant e d on th e sid e fac e of a c e ramic multilay e r substrat e , ar e dispos e d in th e 
dir e ction substantially parall e l to th e bottom face of th e c e ramic multilay e r substrat e . 
Th e s e ends form s e cond conductors 18 for appearanc e inspection. A plat e d gold film is 
form e d on th e first and th e second conductors 12 and 18 for appearanc e inspection as in 
th e first e mbodiment. Subs e qu e ntly, th e surfac e mount d e vice 4 is mount e d on a 
moth e rboard as in Fig. 2 in the first embodim e nt d e scrib e d abov e . 

Fig. 15 is an enlarg e d view of th e s urface mount devic e 4 after th e surfac e mount 

device 4 is mounted on a moth e rboard 15, visually vi e wed from the side fac e on which 
th e first and th e se cond conductors 12 and 18 for appearanc e in s p e ction ar e form e d. A 
suitably larg e conductor film 43 is form e d as in th e proc e ss for producing th e surfac e 
mount d e vic e in th e third e mbodim e nt d e scribed abov e . As a r e sult, as shown in Fig. 15, 
th e first and th e s e cond conductors 12 and 1 8 for app e aranc e insp e ction can b e form e d in 
which all th e conductors ar e not e v e nly slant e d but both e nds 21 ar e substantially parall e l 
to th e bottom fac e . Wh e n the surfac e mount d e vic e 3 shown in Fig. 10 is compar e d with 
th e surfac e mount d e vice 4 shown in Fig. 15, th e d e gr ee of w e tting of th e sold e r in th e 
upward dir e ction can be visually distinguished more specifically in th e surfac e mount 
d e vic e 4 because the shape of th e first conductors 12 for appearanc e inspection in Fig. 15 
includes portions e xt e nding in the horizontal direction (the direction parallel to the 
bottom face). 

The conductor for appearanc e insp e ction described in the abov e embodiments is 

pref e rably formed at all the terminal electrod e s that are s oldered with a mount board. 
However, th e conductor for app e aranc e insp e ction may b e form e d at a part of th e 
t e rminal e lectrod e s that is important for th e mounting, for e xampl e , only at th e t e rminal 
e lectrod e s dispos e d at four corn e rs of a surfac e mount d e vic e . 

Industrial Applicability 
rOO 1 91 The present invention can be pr e ferably us e d in surface mount 

d e vic e s such as el e ctronic compon e nts that ar e mount e d on a wiring board such as a 

moth e rboard the attached drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

r00201 f Fig. 11 Fig. 1 is a perspective view showing an a preferred embodiment of 
a surface mount device of the present invention. 

r00211 [Fig. 21 Fig. 2 is a perspective view showing the state immediately before 
the surface mount device shown in Fig. 1 is mounted on a motherboard. 

r00221 fFig. 31 Fig. 3 is a cross-sectional view showing the state after the surface 
mount device shown in Fig. 1 is mounted on the motherboard. 

[00231 [Fig. 41 Fig. 4 is an enlarged side view of the relevant part of the surface 
mount device shown in Fig. 1 after the surface mount device is mounted on the 
motherboard. 

[00241 f Fig rFigs. 5 ] Figs. 5(a (A) to 5(dD) are perspective views showing a 
process for producing the surface mount device shown in Fig. 1. 

[00251 [Fig. 61 Fig. 6 is a perspective view showing a nanother preferred 
embodiment of a surface mount device of the present invention. 

[00261 [Fig. 71 Fig. 7 is an enlarged side view of the relevant part of the surface 
mount device shown in Fig. 6 after the surface mount device is mounted on a 
motherboard. 

[00271 ff igr Figs. 8 ] Figs. 8(a( A) to 8(©E) are perspective views showing a 
process for producing the surface mount device shown in Fig. 6. 

[00281 [Fig. 9] Fig. 9 is a perspective view showing a nanother preferred 
embodiment of a surface mount device of the present invention. 

[00291 [Fig. 101 Fig- 10 is an enlarged side view of the relevant part of the 
surface mount device shown in Fig. 9 after the surface mount device is mounted on a 
motherboard. 

[00301 f Fifr Figs. 1 1 ] Figs. ll(a (A) to 1 l(eE) are perspective views showing a 
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process for producing the surface mount device shown in Fig. 9. 

[00311 [Fig. 121 Fig. 12 is a cross-sectional view showing the state in which a 
master laminated product shown in Fig. 1 l(dD) is cut along a parting line. 

r00321 TFig. 131 Fig. 13 is a cross-sectional view showing the state in which the 
master laminated product shown in Fig. 1 l(eE) is cut along the parting line. 

[00331 1 4 1 Fig. 14 is a perspective view showing an -another preferred 

embodiment of a surface mount device of the present invention. 

[00341 [Fig. 151 Fig. 15 is an enlarged side view of the relevant part of the 
surface mount device shown in Fig. 14 after the surface mount device is mounted on a 
motherboard. 

[00351 TFig. 161 Fig. 16 is a perspective view showing the state after a known 
surface mount device including electrodes at the side surface is mounted on a 
motherboard. 

[00361 [Fig. 171 Fig. 17 is a cross-sectional view showing the state after the 
surface mount device shown in Fig. 16 is mounted on the motherboard. 

[00371 fFig- 181 Fig. 18 is a perspective view showing the state after a known 
surface mount device including electrodes at the bottom surface is mounted on a 
motherboard. 

r00381 TFig. 191 Fig. 19 is a cross-sectional view showing the state after the 
surface mount device shown in Fig. 1 8 is mounted on the motherboard. 

Ref e r e nc e Numerals 

1,2, 3, and 4 surface mount device 

5, 6, and 7 mast e r laminated product 

44 ceramic layer 

+2 first conductor for appearance inspection 
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4-3 terminal e l e ctrod e 

44 width of first conductor for app e aranc e insp e ction 

45 moth e rboard 

46 land e l e ctrod e 

4-7 sold e r film 

43 second conductor for appearanc e insp e ction 

34 both e nds of first conductor for app e aranc e insp e ction 

42 fill e d via 

43 conductor film (that forms t e rminal electrod e ) 

48 conductor film (that forms s e cond conductor for app e aranc e insp e ction) 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

r00391 Preferred embodiments of the surface mount device of the present 

invention will now be described with reference to Figs. I to 15. 

First Preferred Embodiment 

[00401 Fig. 1 is a perspective view of a surface mount device according to a first 
preferred embodiment. A surface mount device 1 of this preferred embodiment is 
preferably composed of, for example, a substantially rectangular ceramic multilayer 
substrate having a first principal surface, a second principal surface, and four side 
surfaces connecting the first principal surface to the second principal surface. The 
multilayer substrate includes three laminated ceramic layers 1 1 each of which has a 
thickness of about 100 fim. 

[0041] A terminal electrode 13 is disposed at the first principal surface (bottom 
surface) of the ceramic multilayer substrate. A first conductor 12 for appearance 
inspection that extends substantially perpendicular to the bottom surface is disposed on at 
least one of the four side surfaces of the ceramic multilayer substrate. The first conductor 
12 for appearance inspection extends from the terminal electrode 13 along the side 
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surface and is continuous with the terminal electrode 13 in the vicinity of the edge 
between the bottom surface and the side surface of the undermost ceramic layer. 

[0042] The first conductor 12 for appearance inspection has a width 14 of as 
narrow as about 80 |xm. The first conductor 12 for appearance inspection has a height of 
about 100 urn, which is the same as the thickness of one ceramic layer. The terminal 
electrode has a width (width in the same direction as the direction of the width of the first 
conductor 12 for appearance inspection) of about 240 |im. A plated gold film is formed 
by electroless plating on the surfaces of the first conductor 12 for appearance inspection 
and the terminal electrode 13 to improve the wettability of the solder. In order to achieve 
a high density arrangement and to provide sufficient connection reliability on a 
motherboard, the width of the terminal electrode 13 is preferably about 100 fxm to about 
1.5 mm, and more preferably, about 200 urn to about 700 fim. 

r00431 Fig. 2 is a perspective view showing the state immediately before the 
surface mount device 1 shown in Fig. 1 is mounted on a motherboard 15. A plated gold 
film is disposed on the surface of a land electrode 16 of the motherboard 15. 
Furthermore, a solder film 17 is printed on the gold film. The surface mount device 1 is 
positioned on such a motherboard 15. Subsequently, all the components are heated to 
melt the solder film 17 on the land electrode 16. The terminal electrode 13 of the surface 
mount device 1 is connected to the land electrode 1 6 of the motherboard 1 5 in order to 
mount the surface mount device 1 on the motherboard 15. In this step, the surface mount 
device 1 is mounted such that the side surface of the surface mount device 1 is aligned 
with the edge of the land electrode 16 and the land electrode 16 is not exposed from the 
side surface of the surface mount device 1. 

[0044] Fig. 3 is a cross-sectional view of the surface mount device 1 and the 
motherboard 15 after mounting taken along imaginary cutting line A-A in Fig. 2. As 
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shown in Fig. 3, the solder film 17 crosses the edge between the bottom surface and the 
side surface of the ceramic multilayer substrate and is thinly applied upward in the 
vicinity of the upper end of the first conductor 12 for appearance inspection. Unlike a 
typical side electrode, the first conductor 12 for appearance inspection is narrow and has 
a small size, that is, the first conductor 12 for appearance inspection has a width 14 of 
about 100 |im and a height of about 100 fxm. Therefore, even when the small amount of 
the solder film 17 for connecting the terminal electrode 13 is printed, the solder film 17 
can be applied upward in the vicinity of the upper end of the conductor 12 for appearance 
inspection. 

[00451 Fig. 4 is an enlarged view of the surface mount device 1 after mounting, 
visually viewed from the side surface on which the first conductor 12 for appearance 
inspection is disposed. As shown in Fig. 4, the solder film 17 is applied from the terminal 
electrode 13 side and is applied upward along the first conductor 12 for appearance 
inspection that is disposed substantially perpendicular to the bottom surface of the 
ceramic multilayer substrate and has the plated gold film disposed thereon. The first 
conductor 12 for appearance inspection is gold due to the plated gold film, whereas the 
solder film 17 is silver. Accordingly, the application of the solder film 17 in the upward 
direction is readily distinguished as a result of the difference in the color of the 
components. Thus, the presence of the solder can be readily checked by visual inspection. 
Furthermore, since the first conductor 12 for appearance inspection substantially has an 
upright rectangular shape, the application in the upward direction can be readily 
determined with respect to the height of the solder. Thus, in the appearance inspection, 
the degree of solderability can be estimated by checking the wetting of the solder in the 
upward direction. 

[00461 In the present preferred embodiment, the first conductor 12 for appearance 
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inspection has a height of about 100 urn, for example. The height is not l imited to this 
height as long as the appearance of soldering can be checked by visual inspection. For 
example, the height of the first conductor 12 for appearance inspection is preferably 
about 5 iim to about 200 fim, and more preferably, about 20 \im to about 100 |im. 

[0047] Figs. 5A-5D includes perspective views showing an example of a process 
for producing the surface mount device of the present preferred embodiment. The 
process will now be described with reference to Figs. 5A-5D. 

[0048] Firstly, as shown in Fig. 5 A, a ceramic green sheet 41 is prepared. A large 
ceramic green sheet is generally used in mass production in order to produce many 
devices at one time. In this preferred embodiment, however, in order to simplify the 
description of the process, a ceramic green sheet having two sub-substrates is prepared. 

[0049] As shown in Fig. 5B, a ceramic green sheet 45, which is disposed at the 
bottom of a master substrate, is prepared. This ceramic green sheet 45 has the same 
dimensions as those of the ceramic green sheet 41 shown in Fig. 5 A. A through hole 
having a diameter of about 100 \im or less is preferably formed in the ceramic green sheet 
45, such that the center of the through hole is disposed on a sub-substrate parting line 44. 
A paste primarily composed of silver or copper is filled in the through hole to form a 
filled via 42. Furthermore, a conductor film 43, which forms a terminal electrode, is 
printed so as to cover the filled end of the filled via 42, the filled end being exposed at the 
lower surface of the ceramic green sheet 45. In addition, the conductor film 43 extends 
equally to both sides over the sub-substrate parting line 44. As required, a conductor film 
forming an internal circuit layer or a via conductor is formed on the other ceramic green 
sheets 41 to be laminated. 

[0050] Subsequently, as shown in Fig. 5C, the ceramic green sheet 45 is disposed 
at the bottom such that the conductor film 43 is disposed at the lower surface. Other 
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ceramic green sheets 41 are laminated on the ceramic green sheet 45 in a desired order. 
All of the ceramic green sheets are press bonded to form a master laminated product 5. 
The master laminated product 5 includes the conductor film 43 disposed at the bottom 
thereof. 

[00511 The master laminated product 5 is fired at an appropriate firing 
temperature. The resultant fired ceramic product is then divided into two portions along 
the sub-substrate parting line 44 shown in Fig. 5C to form two sub-substrates shown in 
Fig. 5D. This division also divides the small filled via 42 in half to expose the 
conducting surface on the side surface of each sub-substrate. This exposed conducting 
surface forms the first conductor 12 for appearance inspection in the surface mount 
device 1. 

[00521 Subsequently, electronic components, such as a semiconductor device and 
a monolithic capacitor chip, are mounted on the sub-substrate (ceramic multilayer 
substrate). Furthermore, for example, these electronic components are covered with a 
metal case so as to form the surface mount device 1 . When the surface mount device 1 is 
mounted on the motherboard, the solder film 17 is applied upward on the first conductor 
12 for appearance inspection formed on the side surface. The mounting of the surface 
mount device 1 on the motherboard can be checked by visual inspection of the solder 
film 17 applied upward. Unlike the known technologies, according to preferred 
embodiments of the present invention, even when, for example, a solder fillet having a 
certain thickness is not formed on the external surface of the surface mount device 1, and 
even when a special transmission apparatus is not used, the bonding state of the surface 
mount device 1 by soldering can be readily checked by visual inspection of the solder 
film 17 applied upward on the first conductor 12 for appearance inspection. In addition, 
according to preferred embodiments of the present invention, a large solder fillet is not 



22 



required, thereby increasing the packaging density of the surface mount device 1 . 

Second Preferred Embodiment 

[0053] Fig. 6 is a perspective view of a surface mount device of the present 
preferred embodiment. In the description of this preferred embodiment, components that 
are the same as or correspond to those in the first preferred embodiment have the same 
reference numerals. In addition to a first conductor 12 for appearance inspection, a 
surface mount device 2 of the present preferred embodiment includes a second conductor 
18 for appearance inspection. Other parts are preferably formed according to the first 
preferred embodiment. 

[0054] In this preferred embodiment the second conductor 1 8 for appearance 
inspection extends from the upper extended end of the first conductor 12 for appearance 
inspection. The second conductor 18 for appearance inspection is a conductor film 
having an elongated shape and is disposed in the direction substantially parallel to the 
bottom surface of the ceramic multilayer substrate. The second conductor 18 for 
a ppearance inspection is disposed continuously at the upper end of the first conductor 12 
for appearance inspection. The combination of the first and the second conductors 12 and 
18 for appearance inspection substantially forms a T shape. The dimension of the second 
conductor 18 for appearance inspection in the horizontal direction is preferably, for 
example, about 100 \im to about 300 um, which is greater than the width of the first 
conductor 12 for appearance inspection. The thickness (dimension in the height 
direction) of the second conductor 18 for appearance inspection is preferably about 3 \im 
to about 50 urn. The width and the height of the first conductor 12 for appearance 
inspection are preferably the same as those in the first preferred embodiment. 

f0055] Fig. 7 is an enlarged view of the surface mount device 2 after the surface 
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mount device 2 is mounted on a motherboard 15, visually viewed from the side surface 
on which the first and the second conductors 12 and 18 for appearance inspection are 
provided. In this preferred embodiment, as shown in Fig. 7, the first and the second 
conductors 12 and 18 for appearance inspection substantially form the T shape. 
Accordingly, when a solder film 17 is applied upward on the first conductor 12 for 
appearance inspection, as shown in the Fig. 7, the solder film 17 is further applied on the 
entire length in the horizontal direction of the second conductor 18 for appearance 
inspection. In this preferred embodiment since the solder film 17 expands into the T 
shape, the degree of wetting of the solder in the upward direction can be visually 
distinguished more clearly, as compared to the first preferred embodiment including only 
the upright rectangular shape. 

[00561 Figs. 8A-8E includes perspective views showing an example of a process 
for producing the surface mount device of the present preferred embodiment. The 
process will now be described with reference to Figs. 8A-8E. 

[0057] Firstly, as shown in Fig. 8 A, a ceramic green sheet 41 is prepared. In 
order to simplify the description of the process, a ceramic green sheet 41 having two sub- 
substrates is prepared as in the first preferred embodiment. 

[0058] As shown in Fig. 8B, a ceramic green sheet 45, which is disposed at the 
bottom of a master substrate, is prepared and a filled via 42 is formed in the ceramic 
green sheet 45 as in the first preferred embodiment. Furthermore, a conductor film 43, 
which forms a terminal electrode, is printed so as to cover the filled end of the filled via 
42, the filled end being exposed at the lower surface of the ceramic green sheet 45. In 
addition, the conductor film 43 extends equally to both sides over a sub-substrate parting 
line 44. As required, a conductor film forming an internal circuit layer or a via conductor 
is formed on another ceramic green sheet 41 to be laminated. 
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[0059] As shown in Fig. 8C, a conductor film 48, which forms the second 
conductor for appearance inspection, is then printed on a ceramic green sheet 46. The 
conductor film 48 extends equally to both sides over the sub-substrate parting line 44, 
The dimension of the conductor film 48 in the direction of the sub-substrate parting line 
is about 200 (im, for example, which is greater than the diameter of the filled via 42. The 
thickness of the conductor film 48 is about 10 |iim, for example. 

[00601 Subsequently, the ceramic green sheet 45 is disposed at the bottom as in 
the first preferred embodiment. The ceramic green sheet 46 is laminated on the ceramic 
green sheet 45, such that the conductor film 48 is disposed at the lower surface. Another 
ceramic green sheet 41 is laminated in a desired order. All of the ceramic green sheets 
are press bonded to form a master laminated product 6. As shown in Fig. 8D, in the 
master laminated product 6, the conductor film 43 is disposed at the bottom, the 
conductor film 48 is disposed on the upper surface of the undermost ceramic green sheet 
45, and the conductor film 43 and the conductor film 48 are connected through the filled 
via 42. 

[0061] The master laminated product 6 is fired at a predetermined firing 
temperature. The resultant fired ceramic product is then divided into two portions along 
the sub-substrate parting line 44 shown in Fig. 8D to form two sub-substrates shown in 
Fig. 8E. This division also divides the small filled via 42 in half to expose the conducting 
surface on the side surface of each sub-substrate. This exposed conducting surface forms 
the first and second conductors 12 and 18 for appearance inspection. 

[0062] Subsequently, electronic components, such as a semiconductor device and 
a monolithic capacitor chip, are mounted on the sub-substrate (ceramic multilayer 
substrate). Furthermore, for example, these electronic components are covered with a 
metal case so as to form the surface mount device 2. When the surface mount device 2 is 
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mounted on the motherboard, the solder film 17 is applied upward to the second 
conductor 18 for appearance inspection through the first conductor 12 for appearance 
inspection formed on the side surface. The mounting of the surface mount device 1 on 
the motherboard can be more accurately checked by the solder film 17 applied over the 
second conductor 18 for appearance inspection, as compared to the first preferred 
embodiment. 

Third Preferred Embodiment 

[00631 Fig. 9 is a perspective view of a surface mount device of the present 
preferred embodiment. In the description of this preferred embodiment components that 
are the same as or correspond to those in the above described preferred embodiments 
have the same reference numerals. 

[00641 As shown in Fig. 9, in a surface mount device 3 of this preferred 
embodiment both ends of a terminal electrode 13 disposed at the bottom surface of a 
ceramic multilayer substrate extend upward to the inside of the ceramic multilayer 
substrate. The bent end surfaces are exposed on the side surface of the ceramic 
multilayer substrate so as to define first conductors for appearance inspection. Other 
parts are formed according to the preferred embodiments described above. A plated gold 
film is formed on the first conductors 12 for appearance inspection as in the first 
preferred embodiment. Subsequently, the surface mount device 3 is mounted on a 
motherboard as in Fig. 2 in the first preferred embodiment. 

[00651 Fig. 10 is an enlarged view of the surface mount device 3 after the surface 
mount device 3 is mounted on a motherboard 15, visually viewed from the side surface 
on which the first conductors 12 for appearance inspection are provided. In this preferred 
embodiment, both ends of the terminal electrode 13 disposed at the bottom surface of the 

26 



ceramic multilayer substrate extend to the inside of the ceramic multilayer substrate so as 
to provide slanted portions. The slanted portions are exposed on the side surface of the 
ceramic multilayer substrate and define the first conductors 12 for appearance inspection. 
Thus, the first conductors 12 for appearance inspection are provided continuously at both 
ends of the terminal electrode 13. As a result the bonding state between the surface 
mount device 3 and the motherboard can be more reliably checked. The structure of the 
surface mount device is not limited to this preferred embodiment. At least three first 
conductors 12 for appearance inspection may be provided continuously at one terminal 
electrode 13. 

[0066] Figs. 11A-11E includes perspective views showing an example of a 
process for producing the surface mount device of the present preferred embodiment. 
The process will now be described with reference to Figs. 1 1 A-l IE. 

[0067] Firstly, as shown in Fig. 1 1 A, a ceramic green sheet 41 is prepared. In 
order to simplify the description of the process, a ceramic green sheet 41 having two sub- 
substrates is prepared as in the first preferred embodiment. 

[00681 As shown in Fig. 1 IB, ceramic green sheet 45, which is disposed at the 
bottom of a master substrate, is prepared. A conductor film 43 that forms a terminal 
electrode is printed on the ceramic green sheet 45, such that the conductor film 43 
extends equally to both sides over a sub-substrate parting line 44. As required, a 
conductor film forming an internal circuit layer or a via conductor is formed on the other 
ceramic green sheets 41 to be laminated. 

[0069] Subsequently, as shown in Fig. 1 1C, a ceramic green sheet 47 for 
embedding both ends of the conductor film 43 is prepared. The ceramic green sheet 47 
includes an opening 49 having a width that is less than that of the conductor film 43. 

r0070") Subsequently, as shown in Fig. IIP, the ceramic green sheet 47 is 
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disposed at the bottom. The ceramic green sheet 45 is laminated on the ceramic green 
sheet 47. Other ceramic green sheets 41 are laminated on the ceramic green sheet 45 in a 
desired order. The ceramic green sheet 45 is disposed such that the surface on which the 
conductor film 43 is printed faces the ceramic green sheet 47. In this step, both ends of 
the conductor film 43 overlap the ceramic green sheet 47. 

[0071] Fig. 12 is a cross-sectional view in which a master laminated product 7 
shown in Fig. IIP is divided along the sub-substrate parting line 44. Fig. 12 shows that 
the ceramic green sheet 47 overlaps both ends of the conductor film 43 and the central 
portion of the conductor film 43 is exposed through the opening 49 of the ceramic green 
sheet 47. 

[0072] As shown in Fig. HE, all of the laminated ceramic green sheets are press 
bonded. Fig. 13 is a cross-sectional view in which the master laminated product 7 after 
the pressure bonding shown in Fig. 1 IE is cut along the sub-substrate parting line 44. Fig. 
13 shows that both ends of the conductor film 43 are embedded toward the inside of the 
master laminated product 7 by the ceramic green sheet 47. In this step, the conductor 
film 43 has not been fired vet and is thus resilient. Therefore, the shape of the conductor 
film 43 is changed without breaking so as to tilt toward the inside of the master laminated 
product 7, and in addition, the remaining portion of the conductor film 43 is aligned at the 
lower surface of the ceramic green sheet 47. 

[00731 The master laminated product 7 is fired and is then divided into two sub- 
substrates along the sub-substrate parting line 44 as in the first preferred embodiment. 
Thus, the sub-substrate shown in Fig. 9 is formed. When the sub-substrates are divided, 
the end surface of the conductor film 43 is exposed on the side surface of each sub- 
substrate. Both of the slanted end portions in the exposed surface form the first 
conductors 12 for appearance inspection. 
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[0074] Subsequently, electronic components such as a semiconductor device and 
a monolithic capacitor chip are mounted on the sub-substrate (ceramic multilayer 
substrate). Furthermore, for example, these electronic components are covered with a 
metal case so as to form the surface mount device 3. 

[00751 In this preferred embodiment although the first conductors 12 for 
appearance inspection are not completely perpendicular to the bottom surface of the 
ceramic multilayer substrate, these first conductors 12 for appearance inspection provide 
an example of a conductor having an upright rectangular shape. In other words, the 
degree of wetting of the solder in the upward direction can be easily distinguished by 
visual inspection as in the first preferred embodiment. Furthermore, the terminal 
electrode 13 is electrically connected to the two first conductors 12 for appearance 
inspection, which are disposed continuously at both ends of the terminal electrode 13, 
even in the inside of the ceramic multilayer substrate. In other words, the first conductors 
12 for appearance inspection extend toward the inside of the ceramic multilayer substrate 
in the direction parallel to the bottom surface (first principal surface) of the ceramic 
multilayer substrate. As a result, the terminal electrode 13 is securely connected to the 
first conductors 12 for appearance inspection. This structure improves the connection 
reliability between the ceramic multilayer substrate and the terminal electrode 13 or the 
ceramic multilayer substrate and the first conductors 12 for appearance inspection. 

Fourth Preferred Embodiment 

[0076] Fig. 14 shows a modification of the third preferred embodiment and is a 
perspective view of a surface mount device of the present preferred embodiment. In the 
surface mount device 4 of this preferred embodiment, both ends (leading ends) of first 
conductors 12 for appearance inspection, which are slanted on the side surface of a 
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ceramic multilayer substrate, are disposed in the direction substantially parallel to the 
bottom surface of the ceramic multilayer substrate. These ends define second conductors 
18 for appearance inspection. A plated gold film is provided on the first and the second 
conductors 12 and 18 for appearance inspection as in the first preferred embodiment. 
Subsequently, the surface mount device 4 is mounted on a motherboard as in Fig. 2 in the 
first preferred embodiment described above. 

[0077] Fig. 15 is an enlarged view of the surface mount device 4 after the surface 
mount device 4 is mounted on a motherboard 15, visually viewed from the side surface 
on which the first and the second conductors 12 and 18 for appearance inspection are 
provided. A suitably large conductor film 43 is formed as in the process for producing 
the surface mount device in the third preferred embodiment described above. As a result 
as shown in Fig. 15, the first and the second conductors 12 and 18 for appearance 
inspection are arranged such that all the conductors are not evenly slanted but both ends 
21 are substantially parallel to the bottom surface. When the surface mount device 3 
shown in Fig. 10 is compared with the surface mount device 4 shown in Fig. 15, the 
degree of wetting of the solder in the upward direction is more accurately visually 
distinguished in the surface mount device 4 because the shape of the first conductors 12 
for appearance inspection in Fig. 15 includes portions extending in the horizontal 
direction (the direction parallel to the bottom surface). 

[00781 The conductor for appearance inspection described in the above preferred 
embodiments is preferably disposed at all the terminal electrodes that are soldered with a 
mount board. However, the conductor for appearance inspection may be disposed at a 
portion of the terminal electrodes that is important for the mounting, for example, only at 
the terminal electrodes disposed at four corners of a surface mount device. 

[0079] The present invention is preferably used in surface mount devices, such as 
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electronic components, that are mounted on a wiring board such as a motherboard. 

[0080] While the present invention has been described with respect to preferred 
embodiments, it will be apparent to those skilled in the art that the disclosed invention may 
be modified in numerous ways and may assume many embodiments other than those 
specifically set out and described above. Accordingly, it is intended by the appended claims 
to cover all modifications of the invention which fall within the true spirit and scope of 
the invention. 
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